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Description
Background of the Invention

[0001] The invention relates to a foidable tube and to
a method for placing such a tube in a tubular cavity.
[0002] It is kmown to fold flaxible hoses into a flattened
shape in order to faciitate easy storage, for example by
reding the flattened hose around a small diameter roel-
ing drum.

[0003] s also known to insert well tbulars in a con-
tracted position into a wellbore and to expand the ubu-
lar downhole at tha location whaere the tubutar s to be
used. Soviet patent spedification SU-633825 discloses
the use of an initially comugated fube which is epanded
downhole into a tubular shape. Intemational patent
application, publication No. WO 97/06345 disdloses the
use of a flexible well tubular which is folded into a kidney
shape during its descent through the welbore and
which is inflatad downhole 1o bring the tubular info a
cyindrical shape, whereatter the tubudar is polymerised
to provide a well casing. This known tubuler has an Y-
shape and serves to provide a seal at the junction
batween a main weil and a branch well. Disadvantages
of these known expandable corrugated and fleodble fold-
able tubes are that they noed to be relatively thin to
aflow an sasy expansion within a borehola or cther cav-
ity and that the shape of tha unfoided fube is not well
dalined.

[0004] His an object of the present invention to allevi-
ate the disadvantages of the known foldabla tubes and
to provide a foldable tube which can ba folded and
unfolded relatively easily but which generates an
expanded tube which is robust and which has a well
defined tubular shape.

Surnmary of the Invertion

[0005] The joldablo hube according to the invertion
comprises & tubutar wall having at least three elongate
relativaly flaxdlo areas where the wall is more flaxtlo
than other areas of the wall, which areas are oriemed in
a substantally panafial direction relative to each other
along &t least a substantial part of the length of the tube
o0 that in use sail areas form plastic hinges which
define a wall segment that is inwardly foldable to bring
the wba into a contracted shape.

[0006) ' An advantage of the use of plastic hinges in
accordance with the present invention is that thay lock
tha undoided tube in its tubular shape and that the tibe
can be made cheaply by creating the plastic hinges in
the wall of a tube which has, spart from the plastic
hinges, a similar wall strength and thickness as a con-
vantional tube that would normally be used In the same
[0067] his preferred that said relatively flexible areas
gra formed by trough-shaped grooves in the wall of the
tube, which grooves are oriented in a parallel or helical
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direction relative to a longitudinal axis of the tube.
[0008)  Alternatively the relatively weak araas are
formed by mutually paralie! adal or hefical rows of
holes. These holes may pass through the wall of the
tuba or extend only partially into the outer or inner sur-
face of the wall of the tube.

[0009) Itis akso preferred that at least one set of four
grooves is amanged in the wall of tha tube such that
each set of four grooves defines a tube segment that
can be folded as a U-shaped recess inwardly into the
tuba. The sides of sald U-shaped recess may even be
folded towards each other in a dehta-shape and the tips
of the recess may be brazed together to fix the tube in
its folded shape until a relatively low tension force is
exorted to the brazed joint.

[0010] The tube can be folded to a high degree of con-
taction if two sets of lous grooves are amanged Sym-
metrically at opposite sides of the kibe such that upon
foiding of the tube two delta- or U-shapad recesses are
formed at opposite sides of the tube.

(0011) i the tube needs to be foldable to a less high
degrea of contraction than a single groove or a plastic
hinge Sormed by a tubule may be amanged at one side
and a sat of four grooves at an cpposite side of tha inner
wall of the tuba.

[0012] The latter emboctirment of the tube acconding to
the invention can be usad as & woll finer at the junction
between a main well and a branch well if 8 branch tube
is secured around a window in the wall of the tube
batween said single groove axd an adjacent groove of
said set of four grooves at said opposite side of the tube.
[0013] In that case the twbe is lowered through the
main well towards the junction after foding the tube into
its contracted shape. At the junction the tube is then
expanded such that the branch tube is pushed into the
entrance of the branch well.

[0014] The tube according to the present invention
can ba made of any material which is plastically deform-
abla such that the tuba does nxt break as a result of the
folding and urtolding operations.

{0015] Suitable matarials are steel, in particular form-
able stedl grades such as high strength low alloy steels
and dual phase steels, and plasic materials such as
polypropylene and polyvinylchioride.

Briet description of the doawings

[0016) The invention wil be described in more detail
and by way of examgle with reference to the accompa-
nying drawings, in which

Fig. 1 is a goss-axial sectional view of a foidable
tube acconding to the invention which comprises
two sets of four grooves in the inner wali of the tube;
Fig. 2 shows the tube of Fig. 1 at a somewhat
reduced scale wherein the tube is folded inlo its
contracied shape such that two U-shaped recesses
are formed at opposite sides of the tube;
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Fig. 3 is a crogs-axial sectional view of an alterna-
tive embodiment of the fokiable tube according to
the present invention wherein a singls groove s
present at one side and a set of four grooves is
present at an opposite side of the tube;

Fig. 4 shows the tube of Fig. 3 at a somewhat
recuced scale wherein the tube is folded into its
contracted shape such that a U-shaped recess is
formed at the upper sidoe of the tube;

Fig. § is a cross-axial sectional view of a foidable
tube according to the invention inside & -well
wharein the tube is provided with a branch tube
which is inserted into the entrance of a branch well
upon downhole expansion of the foldable tuba;
Fig. 6 Is a cross-axial sectional view of a foldable
tube according to the presant invention with a U-
shaped rocess at one side and a hinge provided by
a tubule at the other side;

Fig. 7 is a cross-axial sectional view of a foldable
tube according to the invention which comprises
three axdal grooves at one siie of the tube;

Fig. 8 Is a cross-axial sectional view of a foldable -

tube according to-the present invention whers the
folded tube and the U-shaped recesses have a
delta-shape; and

Fig. 9 is a cross-axial sactional view of a foldable
tube according to the present invention where
delta-shaped recesses are present at both cides of

[0017) Refeming to Fig. 1 these is shown a foldable
tube 1 which comprisas two sots of axial trough-shaped
grooves 2-9 in the inner wall of the tube 1.

[0018] Fig. 1 shows the tube 1 in its unfoided cylindri-
cal shape and the grooves 2-9 each have a similar
depth and width. One set of four grooves 2-5 has been
machined into the inner wali at the upper side of the
tube 1 and tha other set of four grooves 6-9 has been
machinad into the innar wall at the lower side of the tube
1, such that the two sets of grooves 2-5 and 6-9 are
symmetrical refative to sach other. The distances
between the grooves 2 and 3, the grooves 4 and §, the
grooves 6 and 7 and the grooves 8 and 9 are equal to
each other. '

{0019) Furthenmore the distance between tha grooves

'3 and 4 i equal lo the distance between the grooves 7

and 8 and the distance betwoan ths grooves 2 and 91
equal to the distance between the grooves 5 and 6.
[0020] The symenetrical arrangemant of two sets of
four grooves 2-5 and 6-9 enables the tube 1 to be folded
such that the wall segments betwoen the grooves 3 and
4,7 and 8, 5 and 6 and 2 and 9 are moved inwardly
towards the contra 11 of the tube 1 as illustrated by
amows 10 and the tube 1 obtains its contracted shape
as is shown in Fig. 2.

[0021} Fig. 2 shows how the relatively thin parts of the
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tube 1 adjacent to the grooves 2-9, where the wall thick-
ness is smaller than the wall thidmess of other parts of
the tube 1, act as plastic hinges during the folding pro-
cedure.

[0022) As a result of the hinging action the grooves 8,
4 and 7 and B open up whereas the grooves 2, 5, 6 and
9 are largety closed so that a first U-shaped recess 12 is
formed at the upper side of the tube 1 and a second U-
shaped recess 13 is formed at the lower side of the tube
1. The folded tube 1 ehown in Fig. 1 has the shape cf a
fivet which has a signilicantly smaller outer width than
the inner width of- the unfolded tube shown in Fig. 1.
Therefora the folded tube can be moved sasily through
tha bare of a conduit or underground well, even through
narrow passages formed by valves and sharp curva-
tures, :

[0023]) Fig. 3 shows an alternative embodiment of the
foldable tube according o the invention in which the
tube 15 comprises a single axial groove 16 at the lower
side of the tube 15 and a cot of four axial grooves 17,
18, 19 and 20 at the upper side of the tube 15

[0024] The grooves 16 and 17 and 20 have been
machined in the inner wall of the tube 15 and the
grooves 18 and 19 have been machined in the outer
wal of the tube 15.

[0025] The relatively thin wall parts of the tube 15
adjacent to the grooves 15-20 form wall areas which are
more fiexile than other parts of the tube 15. The groove
pattern shown in Fig. 3 allows the wal segment
between the grooves 17 and 20 to be foldad inwardly in
the direction of armow 21 such that the tuba 15 obtains
the foided shape shown in Fig. 4.

[0026] Fig. 4 shows that on folding of the tube 15a U-
shaped recess 22 is-formed by the wall-segment of the
wba 15 between the sat of four grooves 17-20 af the
upper side of tha tube 15. Tha two rolatively big wall
segments of the tube 15 batween the groove 16 at the
iower side and the two outer grooves 17 and 20 at the
upper skie of the tube 15 thereby pivot towards each
other about the plastic hinge formed the at the bottom of
the tube 15 near the groove 16.

[0027]1 Thatube 15 shown in Fig. 4 can bo unfoided by
moving an expansion mandrel in axial direction through
the tube 15 and/or by inflating the tube 13,

[0028] The unfolded tube 15 then obtains is cylindri-
cal shaoe 8s & shown in Fig. 3 and the configuration of
parallel grooves 16-20 wil than lock the fube 15 since
the wall segments between the grooves 16-20 form
archos which will be subject to hoop stress i the
hydraufic pressure outsida the tube 15 is higher thanthe
hydraufic pressure inside the tube 15.

[0029] Fig. 5 shows a koldable tube 25 which is similar
1o the fokiable tube 15 shown in Figs. 3 and 4 inside a
main well 26 in which a well casing 27 has been
cemented in place.

{0030] The main well 26 passes through an under-
ground formation 28 and a branch well 29 has been
drifled through a window 30 in the well casing 27 later-
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ally away from the main well 26 info the formation 28.

[0031] The tube 25 is made of steel and comprises a
single groove 31 at its lower side and a set of four
grooves 32-35 at ite upper sida. A branch tubing section
36 has been welded to the wall sagment of the tube 15
between the grooves 31 and 32 around a window 37
that has been machined in the wall of the tube 25.
[0032] The tube 25 has been moved in its folded con-
tracted position through the main wel 26 untl the
branch fubing section 36 s located adjacent to the
entrance of the branch wel 29.

{0033} Then the tube 25 is axpanded by an expansion
mandrel into its cylindrical shape, which is lustrated by
broken lines 38 such that the branch tubing section 36
is pushed through the window 30 in the well casing 27
into the branch well 29 as illustrated by broken knes 39
and the arrow 40.

{0034] An elongate breakabls container 41 containing
a sealing agent is amanged within the delta-shaped
recess formad betweon the set of four greoves 32-35 at

the upper ide of the tube 25 which container is

squeazed between the inner wall of tha well casing 27
and the outer wall of the tube 25 if the.tube is uniokied
1o its cylindrical shape 38, The saaling agent is thereby
squeezed into the annular epace sumounding the
urfolded tibe 25 and the branch tubing segment 39 and
provides en curing an adequate seal which also fixes

“the unfolded fube 25 and branch tubing section 36

insida the main and the branch welis 26 and 29.
[0035) Fig. 6 shows a folded tube 41 which has a set
of four grooves 42, 43, 44 and 45 atits upper side and &

. single tubular hinge 46 at its lower side.

[0036] The tubular hings 46 provides an area whero

‘mﬁlqlmnbalsmeﬂaﬂ:lethanmeoﬂmm
‘of the tube 41, apart trom tha areas of the tube 41 adja-

cent 10 the grooves 43-45.

cumforontial direction during the untalding procadure.

[0038] After completion of the urriolding procedure the -

intarior 47 of the tubular hinge 48 can ba filled with a fll-
ing agent which provides support and fixes the tubular

hinge 46 in its expanded position. The interior 47 ol the
tubular Hings 46 may also contaln electric or hydraulic

"conduits for transmission of elactric andlor hydraulic

power and’or signals along the length of tha tube 41.
[0039] Fig. 7 shows an embodiment of the foidable
tube according to tHa inventon where the tube 50 com-
prises at its upper side three mutually paraliel axial or
helical grooves 51, 52 and 53 which define three plastic
hinges that aflow the upper side of the tube 50 to be
foldod inwardly ss #lustrated by phantom lines 54 and
amows 55.

[0048) Afier the upper side of the tube 50 has been
folded inwandly the outer width of the lower sida of the

tube 50 can be reduced as illustrated by arows 56 by -

pulling a circurrerential or helical wire (not shown)
arourd the thus toided tube 50.
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0037]  The tibndar hinge 46 provides moreover an -
area whore the wal of the tube can be deformed in cir- .

[0041] The tube 50 is then unfokded by increasing the
hydraufic pressure in the interior of the tube 50 which
breaks the wire and induces the tuba 50 to unfold into its
cylindrical shape shown in Fig. 7.
[0042) Fig. 8 shows an embodiment of the foldable
hube according to the invention where the loided tube 57
has a delta-shape and comprises at each corner a
delta-shaped recess 58.
[0043] Each oelta-shaped recess 58 Is formed by
bending the fips of the legs of a U-ghaped recess
towards each other and each recess is defined by a set
of four plastic hinges 59, 60, 61 and 62 whore the wall
of the tuba 57 is more flaxible than at other parts of the
tube 57.
[0044] The tube 57 Is unfoided by increasing the
hydraufic pressure in the interior 63 of tha tube 57 which
causes the tube 57 to epand in the direction of the
aTows 64 £o that the recesses 58 ere removed. By fur-
ther increasing the hydraviic pressure in the Interior 63
of the tuba 57, the tube 57 is brought into a cylindrical
shape (nat shown).
[0045] Fig 9 shows a tube according to the invention
where tho tube 55 comprises a set of four axdial plasti-
cally deformable hinges 66, 67, 68 and 69 at its upper
sida and also a set of four axial plastically deformsable
hinges 70, 71, 72 and 73 at its lower side.
[0046] Each set of our hinges 66-69 and 70-73
defines a delta-shaped recess 74 and 75, respectively.
[00471 The two hingas 66 and 69 at the top of the
folded tube 65 and atso the two hinges 70 and 73 at the
bottom of the tube 65 have been brazed together. The
thus formed brazed joints 78 and 77 created a seal
betwosn the interior of the delta-shaped recesses 74
and the exterior 78 of the tube 65.
[0048] Thatbe&ﬁlsaﬂablebbemadlnnsiﬂw-
trated folded shape s a drilt pipo where driling mud is
through the interior 79 of the tube &5 and
hwqhhedeha-ﬂmpedrmesﬂmﬂﬁbadrm
bit (not shown).
[0049] Afer a borehola section has beon drilled & cas-
ing is then created by inflaing tha tuba 65 using a high
preseure fluid or expansion mandrel {not shown) so that
the brazed joints 76 and 77 break open and the tube 65
unfolds into its cykndrical shape as iksated by amows
80. The drill bit is then pulled to surtaca on a wirefine or
aoilod tubing passing through the interior 79 of the
expanded tube 65.
[0050] The tube 65 and also the tube configurations .
ilustrated in the other drawings can be spooled around
ateding drum in their folded shape and reeled from the
drum into an underground borehole to provida a kning of
tha borehole wall or inside a comoded of damaged well
tubular.
[0051] The walls of the tube according to the invention
may comprise sigve openings of a predetermined size
£0 that tha tuba provides a weil screen which is lowered
into the borehole in its folded shaped and then unfolded
downhola by moving an expansion mandral through the
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tube or by inflating a ballocn in the interior of the tube.
The unfolding procedure does nol vary the sieve opan-
ing size so that uniolded tube provides a sandscreen
with a well defined sieve opening size.

Claims

1.

7.

A foldable tube comprising a tubular wall having at
least three elongate relatively flaxble areas where
the wall is more fledbia than other areas of the wall,
which araas are oriented in a substantially paralel
direction ralativa to each other along at least a sub-
stantial part of the length of the tube so that in use
sakd areas from plastic hinges which define a wall
segment that s inwardly foldable to bring the tube
into a contracted shapa.

The lokdabie tube of claim 1 wherein said relatively
fleible arcas are formed by through-shaped

grooves in the wall of the tube, which grooves are |

orientad In a parafiel or heical direction relative to &
longitudinal axie of the tuba.

The foldable tube of claim 3 wherein at least ono set
of four grooves is amanged in the wall of the hube
such that each sct of four grooves defines a tuba
segment that can be folded as a delta- or U-shaped
recess inwardly into the tube.

The foldable tube of claim 3 wherein two sefs of four
grooves are armanged symmetricaly at opposite
sides of the tube such that It the tube Is folded into
a contracted shape iwo delta- or U-shaped
recesses are formed at opposite sides of the tube.

The foldable tube of claim 3 wherein a single
groove Is arrangad In the inner wall at one side of
the tube and a sl of four grooves is armanged atan
opposits side of the inner wall of the tube. .

The foldabla tube of claim 5 wherein a branch ube
is.socured around a window in the wall of the tube
which window is locatad botwoon sald single
groove in said one hall of the tube and an adjacent
gmdsaldsddhxmwvasmsaidopposho
sideofthotube.

" The foldabie tube of any preceding claim wherein

the foldablo tube is a well tubular which is insartable
in a contracted shape into the well and expandable
downhola into a substantially cyfindrical shape.

The foldable tbe of claim 6 wherein the tube is a
well casing at a branchpoint in an tnderground well
and tha branch tube forms part of a well casing or
finer in a well branch, and the tube is insertable in a
contracted shape Into the well and expancable
downhole into a substantially cylindrical shape such
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o 1.

12.

3

that the branch tuba is positioned at the entrance of
the branch well near the branchpoint

The foldable tube of daim 1 wherein the tube is
mado of stedl.

The foidable tube of daim 1 wherein the tube is
made of a plastic material.

A method of placing a foldable tube according to
claim 1 in a tubular cavity, the method comprising
inserting the tube folded in its contracted shape ito
the cavily. unfolding the tube into its substantially
cylindrical shepe at a selected location within the
cavity and securing the tube within the cavity.

The method of daim 11 wherein the tube com-
prica at least one sot of four grooves acconding to
claim 3 which grooves deline a delta- or U-shapad
recess when the tuba is inserted into the cavity and
a tubular container contalning a seafing agem is
arrangod within sald recess whon the tube is
inserted into the cavily, which container is
squeezad and breaks open as a result of the
unfolding of the tube within the cavity and sealing
agent is refeased into the annular space between
the unfolded tube and the wall of the cavity, which
seafing agent is than aliowed 1o create an anmuar
seal between tha unfolded fube and the cavity wall.

The method of daim 11 wherein the tube is
unfolded by inserting & sealing plug at one end of
the tube and pumping a high pressure fluid into the
other end of the fube. .
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